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[57] ABSTRACT

A bistable electronically controlled fluid powered valve
actuator for use in an internal combustion engine of the
type having engine intake and exhaust valves has a
piston reciprocative in a cylinder housing for driving
the engine valves to open and close. Control valves are
mounted separately from the piston for reciprocative
movement in the housing and are used to direct pneu-
matic pressure to drive the piston. The control valves
are magnetically latched in closed positions with mag-
net force and released after a temporary electromag-
netic weakening of the magnetic field. Upon release, the

valves are opened pneumatically and closed pneumati-
cally.

19 24 Claims, 8 Drawing Sheets
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1
AIR POWERED VALVE ACTUATOR

SUMMARY OF THE INVENTION

The present invention relates generally to a two posi-
tion, straight line motion actuator and more particularly
to a fast acting actuator which utilizes pneumatic en-
ergy against a piston to perform extremely fast transit
times between the two positions. The invention utilizes
a pair of control valves to gate high pressure air to the
piston and latching magnets to hold the valves in their
closed positions until a timed short term electrical en-
ergy pulse excites a coil around a magnet to partially
neutralize the magnet’s holding force and release the
associated valve to move in response to high pressure
air to an open position. Pressurized pneumatic gases
accelerate the piston rapidly from one posttion to the
other position.

This actuator finds particular utility in opening and
closing the gas exchange, i.e., intake or exhaust, valves
of an otherwise conventional internal combustion en-
gine. Due to its fast acting trait, the valves may be
moved between full open and full closed positions al-
most immediately rather than gradually as is character-
istic of cam actuated valves.

The actuator mechanism may find numerous other
applications such as in compressor valving and valving
in other hydraulic or pneumatic devices, or as a fast
acting control valve for fluidic actuators or mechanical
actuators where fast controlled action is required such
as moving items in a production line environment.

Internal combustion engine valves are almost univer-
sally of a poppet type which are spring loaded toward a
valve-closed position and opened against that spring

bias by a cam on a rotating cam shaft with the cam shaft

being synchronized with the engine crankshaft to
achieve opening and closing at fixed preferred times in
the engine cycle. This fixed timing i1s a compromise
‘between the timing best suited for high engine speed
and the timing best suited to lower speeds or engine
idling speed.

The prior art has recognized numerous advantages
which might be achieved by replacing such cam actu-
ated valve arrangements with other types of valve
opening mechanism which could be controlled in their
opening and closing as a function of engine speed as
- well as engine crankshaft angular position or other
engine parameters.

In copending application Ser. No. 021,195 entitled
ELECTROMAGNETIC VALVE ACTUATOR,
filed Mar. 3, 1987 in the name of William E. Richeson
and assigned to the assignee of the present application,
there 1s disclosed a valve actuator which has permanent
magnet latching at the open and closed positions. Elec-
tromagnetic replusion may be employed to cause the
valve to move from one position to the other. Several
damping and energy recovery schemes are also in-
cluded.

In copending application Ser. No. 153,257 entitled
PNEUMATIC ELECTRONIC VALVE ACTUA-
- TOR, filed Feb. 8, 1988 in the names of William E.
Richeson and Frederick L. Erickson there 1s disclosed a
somewhat similar valve actuating device which em-
ploys a release type mechanism rather than a repulsion
scheme as in the previously identified copending appli-
cation. The disclosed device in this application i1s a truly
pneumatically powered valve with high pressure air
supply and control valving to use the air for both damp-
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ing and as the primary motive force. This copending
application also discloses different operating modes
including delayed intake valve closure and a six stroke
cycle mode of operation.

Other related applications all assigned to the assignee
of the present invention and filed in the name of William
E. Richeson on Feb. 8, 1988 are Ser. No. 153,262, PO-
TENTIAL-MAGNETIC ENERGY DRIVEN
VALVE MECHANISM where energy is stored from
one valve motion to power the next, and Ser. No.
153,154, filed on Feb. 8, 1988 REPULSION ACTU-
ATED POTENTIAL ENERGY DRIVEN VALVE
MECHANISM wherein a spring (or pneumatic equiva-
lent) functions both as a damping device and as an en-
ergy storage device ready to supply part of the acceler-
ating force to aid the next transition from one position

to the other. One distinguishing feature of the REPUL.-
SION ACTUATED POTENTIAL ENERGY

DRIVEN VALVE MECHANISM application is the
fact that initial accelerating force is partly due to elec-
tromagnetic repulsion somewhat like that employed: in
the first above mentioned copending application.

In copending application Ser. No. 153,155 filed Feb.
8, 1988, in the names of William E. Richeson and Fred-
erick L. Erickson, assigned to the assignee of the pres-

ent application and entitled PNEUMATICALLY

"POWERED VALVE ACTUATOR, there is disclosed

a valve actuating device generally similar in overall
operation to the present invention. One feature of this
application is that control valves and latching plates
have been separated from the primary working piston
to provide both lower latching forces and reduced mass
resulting in faster operating speeds. This concept is
incorporated in the present invention and it is one ob-
ject of the present invention to further improve these
two aspects of operation.

In Applicants’ Ser. No. 294728 filed 1-6-89 filed in the
names of Richeson and Erickson on even date herewith
and entitled ENHANCED EFFICIENCY VALVE
ACTUATOR, there is a disclosure of a pneumatically
powered valve actuator which has a pair of control
valves with permanent magnet latching of these valves
in a closed position. The magnetic latching force (and
thus the size/cost/power of the latching and release
components) is reduced by a recapture and use of ki-
netic energy of the main piston to reclose the control
valves. The main piston shaft has o-ring carrying mem-
bers at each end to drive the air control valve closed
should it fail to close otherwise, also a sealed chamber is
formed at the end of valve travel as the valves near their
respective open positions. Air i1s compressed in the
chambers to act as an air spring to aid in reclosing the
valves, again reducing the latching and release compo-
nents size/cost/power.

In Applicants’ assignee Ser. No. 295177 filed 1-6-89

- filed in the names of Richeson and Erickson on even

60
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date herewith and entitled FAST ACTING VALVE
there is disclosed a valve actuating mechanism having a
pair of auxiliary pistons which aid in reclosing air con-
trol valves while at the same time damping main piston
motion near the end of the mechanism travel.

In Applicants’ Ser. No. 294727 filed 1-6-89 filed in the
names of Richeson and Erickson on even date herewith
and entitled PNEUMATIC ACTUATOR, an actuator
has one-way pressure relief valves similar to the relief
valves in the above mentioned Ser. No. 209,279 to vent
captured air back to the high pressure source. The actu-
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ator also has ‘windows‘ or venting valve undercuts in
the main piston shaft which are of reduced size as com-
pared to the windows in other of the cases filed on even
date herewith resulting in a higher compression ratio.
The actuator of this application increases the area
which 1s pressurized when the air control valve closes
thereby still further reducing the magnetic force re-
quired.

In Applicants’ Ser. No. 294729 filed 1-6-89 filed in the
name of Wilham E. Richeson on even date herewith
and entitled ELECTRO-PNEUMATIC ACTUA-

TOR, an actuator which reduces the air demand on the

10

high pressure air source by recovering as much as possi-

ble on the air which 1s compressed during damping. The
main piston provides a portion of the magnetic circuit
which holds the air control valves closed. When a con-
trol valve is opened, the control valve and the main
piston both move and the reluctance of the magnetic
circuit increases dramatically and the magnetic force on
the control valve i1s correspondingly reduced.

In Applicants’ Ser. No. 295178 filed 1-6-89 filed in the
names of Richeson and Erickson on even date herewith
and entitled COMPACT VALVE ACTUATOR, the
valve actuator cover provides a simplified air return
path for low pressure air and a variety of new air vent-
ing paths allow use of much larger high pressure air
accumulators close to the working piston.

All of the above noted cases filed on even date here-
with have a main or working piston which drives the
engine valve and which is, in turn powered by com-
pressed air. The power or working piston is separated
from the latching components and certain control valv-
ing structures so that the mass to be moved is materially
reduced allowing very rapid operation. Latching and
release forces are also reduced. Those valving compo-
nents which have been separated from the main piston
need not travel the full-length of the piston stroke, lead-
ing to some improvement in efficiency. Compressed air
is supplied to the working piston by a pair of control
valves with that compressed air driving the piston from
one position to another as well as typically holding the
piston In a given position until a control valve is again
actuated. The control valves are held closed by perma-
nent magnets and opened by an electrical pulse in a coil
near the permanent magnet. All of the cases employ
‘windows’ which are cupped out or recessed regions on
the order of 0.1 inches in depth along a somewhat en-
larged portion of the shaft of the main piston, for pass-
ing air from one region or chamber to another or to a
low pressure air outlet. These cases may also employ a
siot centrally located within the piston cylinder for
supplying an intermediate latching air pressure as in the
above noted Ser. No. 153,155 and a reed valve arrange-
ent for returning air compressed during piston damp-
ing to the high pressure air source as in the above noted
Ser. No. 209,279,

The entire disclosures of all of the above identified
copending applications are specifically incorporated
herein by reference.

In the present invention, the power or working piston
which moves the engine valve between open and closed
positions is separated from the latching components and
certain control valving structures so that the mass to be
moved 1s materially reduced allowing much faster oper-
ation as explained in Ser. No. 153,155. Latching and
release forces are reduced by providing positive pneu-
matic pressure differentials across opposite sides of the
control valve so that the primary closing force of the
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4

control valve is provided by pneumatic force instead of
the magnetic force of the piston. The piston body has
several air passing bores extending in its direction of
reciprocation for providing an effective and efficient
source of low or atmospheric air pressure at the oppo-

site ends of the piston.
Among the several objects of the present invention
may be noted the provision of a bistable fluid powered

actuating device characterized by extremely fast transi-
tton times and economy of size, manufacture and power
requirements; the provision of a pneumatically powered
valve actuator where the control valves within the
actuator cooperate with, but operate separately from
the main working piston and are urged to a latched or
closed position through a positive pneumatic pressure
differential on opposite sides of the control valve during
latching or closing whereby the latching magnets are
reduced in size and cost and required power to operate
the valve. Further, porting is simplified by providing
axially parallel bores through the piston body to pro-
vide conveniently and efficiently a source of low or
atmospheric pressure at each control valve to provide
the desired pressure differentials to close the valves.
Further, a portion of one valve surface is constantly
subject to the pneumatic pressure source throughout
the valve cycle to provide controlled valve movement
throughout the cycle. These as well as other objects and
advantageous features of the present invention will be in
part apparent and in part pointed out hereinafter.

In general, a bistable electronically controlled fluid
powered transducer has an air powered piston which is
reciprocable along an axis between first and second
positions along with a control valve reciprocable along
the same axis between open and closed positions. A
magnetic latching arrangement functions to hold or
latch the control valve in the closed position while an
electromagnetic arrangement may be energized to tem-
porarily weaken the effect of the permanent magnet
latching arrangement to release the control valve to
move from the closed position to the open position
under pneumatic force. Energization of the electromag-
netic arrangement causes movement of the control
valve 1n one direction along the axis allowing fluid from
a high pressure source to drive the piston in the opposite
direction from the first position to the second position
along the axis. The distance between the first and sec-
ond positions of the piston is typically greater than the

distance between the open and closed positions of the

valve.

Also in general and in one form of the invention, a
pneumatically powered valve actuator includes a valve
actuator housing with a piston reciprocable inside the
housing along an axis. The piston has a pair of oppo-
sitely facing primary working surfaces.

A pair of air control valves are reciprocative along
the same axis between open and closed positions. A coil
formed about a latching permanent magnet is pulsed to
temporarily weaken the permanent magnet thus un-
latching 1its respective air control valve. The control
valve has one surface subject to a fluid pressure to move
the valve toward its open position. Movement of the
control valve after unlatching introduces fluid pressure
to a primary working surface of the piston to move the
piston toward its second position. Movement of the
piston, in turn, introduces fluid pressure to a control
valve surface opposite to the one surface to provide a
net closing force across the control valve and signifi-
cantly reduce the force required by the permanent mag-
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net to reclose the control valve and thus the size and
cost of the latching permanent magnet and the neutral-
- izing coil, and the power required by the coil.

Another feature of this invention is the provision of
equalization air passages in the form of bores through
- the piston body which provide a constant low or atmo-
spheric pressure to chambers at each end of the piston
body. The chambers are formed in part by the inner
surfaces of the control valves. During the piston cycle
between its first and second positions, at least one of the
chambers is in communication with the low or atmo-
spheric pressure and since the equalization passages
provide constant fluid communication between the
chambers, boh chambers and their respective valve
surfaces are provided constantly with low pressure
which facilitates valve closing under pneumatic pres-
sure. |

Also disclosed in this application and as more fully
disclosed in the above referenced copending application
Ser. No. 153,155, there i1s an air vent located about
midway between the extreme positions of piston recip-
rocation for dumping expanded air from the one pri-
mary working surface and removing the accelerating
force from the piston. The air vent also functions to
introduce air at an intermediate pressure {0 be captured
and compressed by the opposite primary working sur-
face of the piston to allow piston motion as it nears one
of the extreme positions and the air vent supplies inter-
mediate pressure air to one primary working surface of
the piston to temporarily hold the piston in one of its
extreme positions pending the next opening of an air
control valve. The air control valve is uniquely effec-
tive to vent air from the piston for but a short time
interval after damping near the end of a piston stroke
while supplying air to power the piston during a much
longer time interval earlier in the stroke.

BRIEF DESCRIPTIN OF THE DRAWINGS

FIG: 1 1s a view in cross-section showing the pneu-
matically powered actuator of the present invention
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with the power piston latched in its leftmost position as

it would normally be when the corresponding engine
valve is closed; |

FIGS. 2-7 are views in cross-section similar to FIG.
1, but illustrating component motion and function as the
piston progresses rightwardly to its extreme rightward
or valve open position of a first embodiment of this
invention; and

FIG. 8 1s a view in cross section similar to FIGS. 2-8
and showing relative positions of the air valve and
power piston of another embodiment of this invention;

Corresponding reference characters indicate corre-
sponding parts throughout the several views of the
drawing.

The exemplifications set out herein illustrate a pre-
ferred embodiment of the invention in one form thereof
and such exempliifications are not to be construed as
limiting the scope of the disclosure or the scope of the
invention in any manner.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The valve actuator is illustrated sequentially in FIGS.
1-7 to illustrate various component locations and func-
tions in moving a poppet valve or other component (not
shown) from a closed to an open position. Motion in the
opposite direction although not described will be
clearly understood from the symmetry of the compo-
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6

nents. Symmetrical components on the right side of the
FIGURES are assigned the same reference numeral as
corresponding components on the left side, with the
exception that the reference numerals have the suffix ‘a.
The actuator includes a shaft or stem 11 which may at
one end form a part of or connect to an internal combus-
tion engine poppet valve. The actuator also includes a
low mass reciprocable piston 13 carrying an o-ring 23,
and a pair of reciprocating or sliding control valve
members 15 and 15¢ enclosed within a housing 19. The
control valve members 15 and 15a are latched in one
position by permanent magnets 21 and 21a respectively
and may be dislodged from their respective latched
positions by puise energization of coils 25 and 25a re-
spectively from a pulse source not shown but synchro-
nized with piston movement. Valves 15, 15¢ each com-
prise annular bodies having elongated tubular shafts, 17,
17a respectively. The permanent magnet latching ar-
rangement also includes iron pole pieces or armatures
20 and 20a. The control valve members or shuttle
valves 15 and 15a cooperate with both the piston 13 and
the housing 19 to achieve the various porting functions
during operation. The housing 19 has high pressure
annular cavities 39, 39z fed by pump, not shown, and
low pressure annular cavities 41, 41a which are relieved
to atmosphere. The low pressure may be about atmo-
spheric pressure while the high pressure is on the order
of 100 psi gauge pressure or pressure above atmospheric
pressure. |

FIG. 1 shows an 1nitial state with piston 13 in its first
(leftmost) position and with the air control valve 15
latched closed. In this state, annular ring 29 of valve 15
1s seated 1n an annular slot in the housing 19 and seals
against an o-ring 31. This seals the pressure in cavity 39
and prevents the application of any moving force to the
main piston 13. In this position, the main piston 13 1s
being urged to the left (latched) by the pressure in cav-

ity or chamber 44a which is greater than the pressure in
chamber or cavity 41a which, in FIG. 1., communicates

with surface 14 of recessed body 32 through annular
passage 16a axially parallel bores 22g in valve 15¢ and
axially parallel bores or passages 51 in bodies 32, 32a,
later described. Annular openings 16, 16a are formed
when valves 15, 15a respectively are in their closed
positions but close as valves 15, 152 move to their open
positions. Recessed bodies 32, 32a are attached to and
integral with piston 13. Shallow recesses or ‘windows"
26, 26a and 34, 34a are formed respectively 1n bodies 32,
32a. In the lefimost position of piston 13 (FIG. 1), face
42 of piston 13 is exposed to low pressure cavity 41
through valve ports 33, bores 22 and opening 16.

In FIG. 2, the shuttle valve 15 has moved toward the
left, for example, 0.060 in. while piston 13 has not yet
moved and air at a high pressure now enters shallow
recesses or ‘windows‘ 34, of which there are four
equally circumferentially spaced about body 32, from
cavity 39 applying a motive force to the left face 42 of
piston 13. The air valve 15 has opened because of an
electrical pulse applied to coil 25 which has temporarily
neutralized or weakened the holding force on iron ar-
mature or plate 20 by permanent magnet 21. Armature
20 1s fixed to the end of valve shaft 17. When that hold-
ing force 1s temporarily neutralized, air pressure in cav-
ity 39 which is applied to the air pressure responsive
first annular face 49 of valve 15 causes the valve to
open. Notice that the communication between cavity
37, formed between second annular surface 18 and
housing wall 26, and the low pressure outlet port 41 has
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been interrupted by movement of the valve 15 left-
wardly with annular shoulder 24 of valve 15 cutting off
fluid communication between low pressure cavity 41
and chamber 37. During this movement, communica-

tion is being established between cavity 39 and face 42
across ring 20 of valve 15, to force piston 13 right-

wardly.

It should be noted that ring 29 does not leave the
annular slot in housing 19 until annular shoulder 43 of
valve 15 engages the edges of recesses 34 to fully pres-
surize recesses 34 and cavity 44. (FIG. 3)

F1G. 3 shows the leftward movement or opening of
the air valve 15 to about 0.110 in. (approximately wide
open) and movement of the piston 13 about 0.140 1in. to
the right. In FIG. 2, the high pressure air had been
supplied to the cavity 37 and to the face 42 of piston 13
driving the piston toward the right. That high pressure
air supply to cavity 4 will be cut off as edges of reces-
ses 34 pass the annular shoulder 3§ of the housing 19.
Piston 13 continues rightwardly, however, due to the
existing high pressure air in cavity 44. There are a plu-
rality of axially parallel bores 22 circumferentially
spaced 1n valve 15. The relative axial movement be-
tween valve 15 and piston 13 has almost reached the
point where annular shoulder 45 on valve 15 will open
a fluid path between cavity 39 and chamber 37 through
recesses 26 and bores 22 causing a high pressure on
surface 18 and connected surfaces to provide a net clos-
ing (rightward movement) force on valve 15. Inner
annular surfaces 28, 28a on valves 15, 15a respectively,
are subject to low or atmospheric pressure throughout
the cycle of piston and valve operation as will become
apparent.

The piston 13 has moved approximately 0.240 inches
and 1s continuing to move toward the right in FIG. 4
and the air valve 18§ is still at 0.110 inches and has
reached its maximum leftward open displacement.
Shoulder 45 has fully cleared the associated edges of
recesses 26 to introduce pressure from cavity 39 to
chamber 37 around land 27 and apply high pressure to
surface 18. The valve 15 will tend to remain in this
position for a short time due to the continuing air pres-
sure on the annular surface 49, and connected surfaces,
from high pressure soucee 39. However, since surface
18 1s greater in area than surface 49, valve 15 has a net
pneumatic force in the closing (rightward) direction,
greatly reducing the force required to return the air
valve from its open (leftmost) position. Thus the mag-
netic force of permanent magnet 21 on armature 20
required to pull the air valve 15 back toward its closed
position is greatly reduced. By venting the high pres-
sure from source 39 through recesses 26, which are
positioned aft of recesses 34, the pressure on surface 18
1s delayed untll piston 13 is well advanced and there is
no hikelihood that valve 15 will prematurely close.

An important feature of this invention is the provision
of axially parallel bores or passages 51 in bodies 32, 324
and piston 13. There are a number of passages 51 cir-
cumierentially spaced that equalize the pressure in
chambers 30, 30z throughout cycling of valves 15, 15q
and piston 13. This is true since at all times at least one
of chambers 30, 30z is in fluid communication with a
low pressure source 41, 41a. This is a very effective and
etficient- way of insuring that a low pressure will be on
surfaces 28, 28z at all times so that when a high closing
pressure 1s applied to chambers 37, 37a valves 15, 15q,
respectively, will be efficiently closed under pneumatic
force.
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In FIG. §, the air valve 15 1s about 0.080 inches from
1ts closed position and 1s returning to its closed position
under the pneumatic force on surface 18 and the attrac-
tive force of magnet 21 on disk 20 is causing the disk to

move back toward the magnetic latch. Piston 13 has
moved about 0.240 inches in FIG. 5. In FIG. 6 valve 15

1s about 0.060 inches from its closed position and piston
13 has traveled about 0.385 in.

An intermediate pressure, such as 4 psi gauge, is in-
troduced from intermediate ports 47, which are sup-
plied by a source not shown, into cavity 44 so that the
high pressure air in chamber 44 is blown down to the
intermediate pressure. This feature has also been dis-
closed in the above referenced application Ser. No.
153,155 which is incorporated by reference herein.
Vents 47 dump expanded air from primary working
surface 42 of piston 13 and remove the accelerating
force from the piston. The vents 47 also function to
introduce air at the intermediate pressure to be captured
and compressed by the opposite primary working sur-
face 42a of the piston to slow piston motion as it nears
its second position and vents 47 supply intermediate
pressure air to working surface 42 of the piston to tem-
porarily hold the piston in its second position pending
the next opening of air control valve 15a.

FI1G. 7 illustrates air valves 15, 15¢ in their fully
closed positions and piston 13 approaching its extreme
rightward position, the highly pressurized air in cham-
ber 44a being exhausted to atmosphere through recess
34a, bore 224, cavity 37a and cavity 41a. Due to the
atorementioned symmetry of valve construction, the
movements of valve 15 and piston 13 in the return of
piston 13 from its second (rightmost) position to its first
(leftmost) position is the mirror of the previously de-
scribed operation of valve 15 and piston 13.

It will be understood from the symmetry of the valve
actuator that the behavior of the air control valves 15
and 15¢ in this venting or blow-down is, as are many of
the other features, substantially the same near each of
the opposite extremes of the piston travel. These same
components cooperate at the beginning of a stroke to
supply air to power the piston for a much longer por-
tion of the stroke. It should be noted that at all stages of
valve 15 cycling between open and closed positions, a
high pressure is exerted on the outer annular face 49 and
as will be understood by those in the art, this provides
controlled play-free valve operation.

FIG. 8 illustrates an embodiment of this invention
which 1s similar in construction and operation to that in
FIGS. 1-7 with the exception that high pressure air is
introduced into bores 22, additionally through air tun-
nels 49, there being a tunnel 49 for each bore 22 and
each tunnel.49 communicating with high pressure annu-
lar chamber 39. Also added in the FIG. 8 embodiment
are ports 61 which are formed in valve 15, with a port
61 registering with a respective tunnel 49 upon a mid
open position of valve 15, not shown. At that time high
pressure air 1s introduced into chamber 37 from cavity
39 as in the embodiment of FIGS. 1-7 as well as
through tunnels 59 ports 61 and bores 22.

Similarly, chamber 37z 1s provided with high pres-
sure air by similar and symmetrical tunnels 49q, ports
61a and bores 22a at a corresponding time in operation
of valve 15a.

It should be noted that in this embodiment, axial
movement of valves 15, 15¢ relative housing 19, inde-
pendently of piston 13 position, supplies high valve
closing pressure to chambers 37, 37a.
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Little has been said about the internal combustion
engine environment in which this invention finds great
utility. That environment may be much the same as
disclosed in the abovementioned copending applica-
tions and the literature cited therein to which reference
may be had for details of features such as electronic
controls and air pressure sources. In this preferred envi-
ronment, the mass of the actuating piston and its associ-
~ated coupled engine valve 1s greatly reduced as com-
pared to the prior devices. While the engine valve and
piston. move about 0.45 inches between fully open and
fully closed positions, the control valves move only
about 0.125 inches, therefor requiring less energy to
operate. The air passageways In the present invention
are generally large annular openings with little or no
assoclated throttling losses.

From the foregoing, it 1s now apparent that a novel
electronically controlled, pneumatically powered actu-
ator has been disclosed meeting the objects and advan-
tageous features set out hereinbefore as well as others,
and that numerous modifications as to the precise
shapes, configurations and details may be made by those
having ordinary skill in the art without departing from
the spirit of the invention or the scope thereof as set out
by the claims which foilow.

What is claimed 1is:

1. An electronically controlled flmid powered power
valve actuator for use in an internal combustion engine
of the type having engine intake and exhaust valves
with elongated valve stems; |

said actuator having a power piston having a piston
driven side reciprocative along an axis between
first and second positions in a housing correspond-
ing to engine valve open and closed positions;

a control valve reciprocative along said axis between
open and closed positions for controlling the pneu-
matic pressure from a pneumatic pressure source to
said power pision to move said power piston and
saild member to said first and second positions;

latching means for closing and holding said control
valve in its closed position;

pneumatic pressure control means comprising said
source for providing pneumatic pressure to said
valve to move said valve towards its open valve
position against the holding force of said latching

- means;

said pressure control means for providing a net pneu-
matic pressure closing force to said valve after said

- piston has moved a predetermined distance

towards its first position from its second position.

2. The apparatus of claim 1 wherein said latching
means comprises a permanent magnet for providing a
closing and latching force to hold said valve in a closed
position and electromagnetic means to temporarily
weaken said permanent magnet latching force;

said pressure control means for applying pneumatic
pressure from said source to a first valve surface
causing an opening force on said valve and a sec-
ond valve surface causing a closing force on said
valve; the net pneumatic opening force on said first
valve surface in said closed position being less than
said permanent magnet latching force but being
greater than said permanent magnet latching force
when temporarily weakened by said electromag-

netic means thereby causing said valve to move in
an opening direction to provide pneumatic pres-
sure to said piston drive side to move said piston
towards 1its first position.
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3. The apparatus of claim 2 wherein said valve is
axially movable and said first and second surfaces com-
prise first and second annular oppositely facing surfaces
respectively on a tubular valve section adjacent one
axial end of said valve;

said fluid pressure conirol means selectively applying
a fluid pressure differential from said source across
said annular surfaces as said latching force is weak-
ened to move said valve 1n an opening direction to
move said piston to its first position and to move
sald valve in a closing direction after said piston has
reached said predetermined distance.

4. The apparatus of claim 3 wherein said fluid pres-
sure control means applies a constant fluid pressure to a
portion of one of said annular surfaces throughout a
cycle of valve opening and closing movements to pro-
vide valve movement control throughout said cycle.

S. The apparatus of claims 3 wherein said pressure
control means further comprises a cylindrical body
affixed to said piston and extending through and axially
movable relative to said tubular valve section;

sald valve having port means for fluid communica-
tion between an inner surface of said valve section
and said second annular surface; |

said body having a first circumferential set of re-
cessed surfaces registrable with said source and
sald port means to provide fluid communication
and fluid pressure to said second annular surface
for moving said valve in a closing direction;

saild body having a second circumferential set of re-
cessed surfaces axially spaced from said first set
and registrable with said source and said driven
surface for providing fluid pressure to said driven
surface as said valve is opening.

6. The apparatus of claim 3 wherein said pressure
control means further comprises a cylindrical body
affixed to said piston and extending through and axially
movable relative to said tubular valve section;

sald valve having port means for fluid communica-
tion between said source and said second annular
surface.

7. The apparatus of claim 6 including second port
means in said valve for providing fluid communication
between an inner surface of said valve section and said
second annular surface;

said body has a first circumferential set of recessed
surfaces registrable with said source and said sec-
ond port means to provide fluid communication
and fluid pressure to said second annular surface
for moving said valve in a closing direction;

said body having a second circumferential set of re-
cessed surfaces axially spaced from said first set
and registrable with said source and said driven
surface for providing fluid pressure to said driven
surface as said valve is opening.

8. A pneumatically powered valve actuator compris-

ing a valve actuator housing;

a piston reciprocative within the housing along an
axis and having opposite driven sides;

said piston having a pair of oppositely facing primary
working surfaces;

a palr of air control valves reciprocative along said
axis relative to both the housing and the piston
between open and closed positions;

latching means for closing and holding said valves in
their respective closed positions; |

pneumatic pressure control means comprising a pneu-
matic pressure source for providing pneumatic
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pressure to said valves to move said valves towards
their respective open valve positions against the
holding force of said latching means;

said pressure control means for providing a net pneu-

matic pressure closing force to one of said valves
after said piston has moved a predetermined dis-
tance towards 1ts first position from its second
position and for providing a net pneumatic pressure
closing force to the other of said valves after said
piston has moved a predetermined distance
towards 1ts second position from its first position.

9. The apparatus of claim 8 wherein said pressure
control means comprises chambers at each axial end of
sald piston travel and said chambers communicating
with one surface of a respective one of said pair of
valves;

sald pressure control means providing substantially

atmospheric pressure to at least one of said cham-
bers throughout the piston travel cycle between
said first and second positions;

equalization passages being formed in said piston for

providing fluid communication between said
chambers whereby said one surface of each valve is
at substantially atmospheric pressure throughout
the piston travel cycle between said first and sec-
ond positions. :

10. The apparatus of claim 8 wherein said latching
means comprises permanent magnet means for provid-
ing a closing and latching force to hold said valvesin a
closed position and electromagnetic means to temporar-
ily weaken said permanent magnet means latching
force;

said pressure control means for applying pneumatic
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pressure from said source to a first valve surface of ;5

each valve causing an opening force on each of said
valves and a second valve surface of said valve
causing a closing force on each of said valves; the
net pneumatic opening force on said first valve
surface of each of said valves in said closed position
being less than said permanent magnet means latch-
ing force but being greater than said permanent
agnet means latching force when temporarily
weakened by said electromagnetic means thereby
causing said each of said valves to move in an open-
ing direction to provide pneumatic pressure to a
respective piston driven side to move said piston
towards 1ts first and second positions.

11. The apparatus of claim 10 wherein said valves are
axially movable and said first and second surfaces com-
prise first and second annular oppositely facing surfaces
respectively on a respective tubular valve section adja-
cent a respective axial valve end;

said fluid pressure control means selectively applying

a fluid pressure differential from said source across
sald annular surfaces of each of said valves as said
latching force is weakened to move said valves in
an opening direction to move said piston to its
respective first and second positions and to move
sald valves in a closing direction after said piston
has reached said predetermined distance from its
respective first and second positions.

12. The apparatus of claim 11 wherein said fluid pres-
sure control means applies a constant fluid pressure to a
portion of one of said annular surfaces of each of said
valves throughout a cycle of valve opening and closing
movements to provide valve movement control
throughout said cycle.
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13. The apparatus of claim 11 wherein said pressure
control means comprises a cylindrical body affixed to
either axial side of said piston; one cylindrical body
extending through and axially movable relative to said
tubular valve section of one valve and the other cylin-
drical body extending through and axially movable
relative to the other said tubular valve section;

said valves each having port means for fluid commu-

nication between an inner surface of a respective
saild valve section and a respective said second
annular surface;

each of said bodies having a first circumferential set

of recessed surfaces registrable with said source
and a respective said port means to provide fluid
communication and fluid pressure to a respective
sald second annular surface for moving a respec-
tive said valve in a closing direction;

each of said bodies having a second circumferential

set of recessed surfaces axially spaced from a re-
spective said first set and registrable with said
source and a respective said driven surface for
providing fluid pressure to a respective said driven
surface as a respective said valve is opening.

14. The apparatus of claim 11 wherein said pressure
control means further comprises a cylindrical body
affixed to either side of piston; said one cylindrical body
extending through and axially movable relative to said
tubular valve section of one valve and the other cylin-
drical body extending through and axially movable
relative to the other tubular valve section:

each of said valves having port means for fluid com-

munication between said source and a respective
sald second annular surface.

15. The apparatus of claim 14 including second port
means in each of said valves for providing fluid commu-
nication between an inner surface of a respective said
valve section and a respective said second annular sur-
face;

each of said bodies having a first circumferential set

of recessed surfaces registrable with said source
and a respective said second port means to provide
fluid communication and fluid pressure to a respec-
tive said second annular surface for moving a re-
spective said valve in a closing direction;

each of said bodies having a second circumferential

set of recessed surfaces axially spaced from a re-
spective said first set and registrable with said
source and a respective said driven surface for
providing fluid pressure to a respective said driven
surface as a respective said valve is opening.

16. A fluid powered transducer with a first member
having a fluid pressure driven side reciprocative along
an axis in a housing between first and second positions;

a control valve reciprocative in said housing between

open and closed positions;

latching means for closing and holding said valve in

its closed position;

fluid pressure control means comprising a fluid pres-

sure source for providing fluid pressure to said
valve to move said valve towards said open valve
position against the holding force of said latching
means;

said fluid pressure control means for providing a net

fluid pressure closing force to said valve after said
first member has moved a predetermined distance
towards its first position.

17. The apparatus of claim 16 wherein said latching
means comprises a permanent magnet for providing a
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closing and latching force to hold said valve in a closed
position and electromagnetic means to temporarily
weaken said permanent magnet latching force;

sald fluid pressure control means for applying fluid

pressure from said source to a first valve surface
causing an opening force on said valve and a sec-
ond valve surface causing a closing force on said
valve; the net fluid opening force on said first valve
surface in said closed position being less than said
permanent magnet latching force but being greater
than said permanent magnet latching force when
temporarily weakened by said electromagnetic
means thereby causing said valve to move in an
opening direction to provide fluid pressure to said
member driven side to move said member towards
its first position.
~ 18. The apparatus of claim 17 wherein said valve is
axially movable and said first and second surfaces com-
prise first and second annular oppositively facing sur-
faces respectively on a tubular valve section adjacent
one axial end of said valve; |
said fluid pressure control means selectively applying
a fluid pressure differential from said source across
said annular surfaces as said latching force is weak-
ened to move said valve in an opening direction to
move said member to its first position and to move
said valve in a closing direction after said member
has reached said predetermined distance.

19. The apparatus of claim 18 wherein said fluid pres-
sure control means applies a constant fluid pressure to a
portion of one of said annular surfaces throughout a
cycle of valve opening and closing movements to pro-
vide valve movement control throughout said cycle.

20. The apparatus of claims 18 wherein said pressure
control means further comprises a cylindrical body
affixed to said first member and extending through and
axially movable relative to said tubular valve section;

sald valve having port means for fluid communica-

fion between an inner surface of said valve section
and said second annular surface;

satd body having a first circumferential set of re-

cessed surfaces regisirable with said source and
said port means to provide fluid communication
and fluid pressure to said second ‘annular surface
for moving said valve in a closing direction;

sald body having a second circumferential set of re-

cessed surfaces axially spaced from said first set
and registrable with said source and said driven
surface for providing fluid pressure to said member
driven surface as said valve is opening.

21. The apparatus of claim 18 wherein said pressure
control means further comprises a cylindrical body
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affixed to said first member and extending through and
axially movable relative to said tubular valve section;
sald valve housing port means for fluid communica-
tion between said source and said second annular
surface.

22. The apparatus of claim 21 including second port
means 1n said valve for providing fluid communication
between an inner surface of said valve section and said
second annular surface;

said body has a first circumferential set of recessed

surfaces registrable with said source and said sec-
ond port means to provide fluid communication
and fluid pressure to said second annular surface
for moving said valve in a closing direction;

said body having a second circumferential set of re-

cessed surfaces axially spaced from said first set
and registrable with said source and said driven
surface for providing fluid pressure to said member
driven surface as said valve is opening.

23. A fluid powered transducer with a first member
having a fluid pressure driven side reciprocative along
an axlis in a housing between first and second positions;

a pair of control valves reciprocative in said housing

between open and closed positions;

latching means for closing and holding said valves in

their respective closed positions;

fluid pressure control means comprising a fluid pres-

sure source for providing fluid pressure to said
valves to move satd valves towards their respective
open valve positions against the holding force of
said latching means;

said fluid pressure control means for providing a net

fluid pressure closing force to one of said valves
after said first member has moved a predetermined
distance towards its first position from its second
position and for providing a net fluid pressure clos-
ing force to the other of said valves after said first
member has moved a predetermined distance
towards its second posmon from its first position.

24 The apparatus of claim 23 wherein said fluid pres-
sure control means comprises chambers at each axial
end of said member travel and said chambers communi-
cating with one surface of a respective one of said pair
of valves;

said fluid pressure control means providing substan-

tially atmospheric pressure to at least one of said
chambers throughout the member travel cycle
between said first and second positions;
equalization passages being formed in said member
for providing fluid communication between said
chambers whereby said one surface of each valve i1s
at substantially atmospheric pressure throughout
the member travel cycle between said first and

second positions.
K S * X *
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